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(54) ELECTRICALLY OPERATED VALVE 

(57) An electrically operated valve capable of pre- 
venting noise from occurring at the time of impact by 
reducing the number of parts without providing a stop- 
per to stop the rotation of a rotor at the time of full open- 
ing and full closing of a valve disc, comprising a shaft 
(18) which is fixed to a rotor (17) and has male threads 
(20), the valve disc (6) which has a needle valve (5) on 
one end part, forms female threads (16) screwed onto 
the male threads (20) on the other end part, and has a 
connection part (14) which connects the needle valve 
(5) to the female threads (16), and a valve body (1) hav- 
ing a guide part which stops the rotation of the valve 
disc (6) and guides it reciprocatingly in axial direction, 
wherein an upper end part of the shaft (1 8) is supported 
by a supporting part provided on the top wall side of a 
case (22), and the lower end part is supported rotatably 
by a bearing member (13) fixed to the valve disc. 
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Description 

Field of the Invention 

[0001] The present invention relates to a motor- £ 
operated valve incorporated in a refrigerating cycle sys- 
tem such as a refrigerator, an airconditioner, and a 
freezer for controlling a flow rate of a refrigerant or for 
opening and closing a flow passage. 

Background of the Invention 

[0002] Conventionally, in a refrigerating, freezing, or 
air-conditioning cycle of a refrigerator, a freezer, an air- 
conditioner of a heat-pump type, or the like, a refrigerant 
line has a motor-operated valve for controlling a flow 
rate of a refrigerant or for switching flow passages. For 
example, a motor-operated valve used in a heat-pump 
type airconditioner particularly often operates to ade- 
quately control a room temperature. Such a conven- 
tional valve generates a loud noise in operation, so that 
the valve is not desirably positioned in a room but is 
positioned around an outside machine having a heat 
exchanger. Thus, the expansion valve for adjusting a 
flow rate of a refrigerant to control a room temperature 
is positioned in the outside apart from an in-room appa- 
ratus. This is disadvantageous for a control perform- 
ance such as responsiveness of the heat exchanger. 
Furthermore, a pipe line for delivering a refrigerant from 
the in-room apparatus to an outside machine must be 
located in the outside under a high temperature condi- 
tion, while the refrigerant in the pipe line is cooled by its 
expansion in the expansion valve in a cooling operation. 
Even with an insulation layer, a large quantity of heat 
radiates from the pipe line into the atmosphere, reduc- 
ing the efficiency of the heat exchanger. 
[0003] In addition, an apparatus other than such air 
conditioners, for example a refrigerator, often uses an 
expansion valve which is more expensive than a con- 
ventional refrigerant flow control device such as capil- 
lary tubes. That is because a recent refrigerator has a 
larger capacity and requires a precise temperature con- 
trol for a freezing space and a vegetable space thereof. 
Such a refrigerator is disposed in a room, so that a 
motor-operated valve such as an expansion valve is 
positioned in the room. A noise generated from the 
motor-operated valve must be reduced as much as pos- 
sible. 

[0004] FIG. 22 shows a motor-operated valve used 
in such above-mentioned apparatuses as an example. 
The valve has a valve main body 60 provided with a first 
opening 62 communicating with a first passage 61 in a 
downward axial direction thereof, a second opening 64 
communicating with a second passage 63 at a side por- 
tion thereof, and a valve chamber 65 communicating the 
first opening 62 with the second opening 64. On atop 
portion of the valve main body 60, there is disposed a 
housing 67 having a bottom cover 66. The housing 67 is 


mounted with a magnet 68 on an outer surface thereof 
and accommodates a resin-made rotor 71 having a cen- 
tral pin 70. The rotor 71 is extending downward together 
with the pin 70 to be inserted into the valve chamber 65. 
At a lower end of the pin 70, there is provided a needle 
valve 72 moved forward and backward relative to the 
first opening 62. 

[0005] The needle valve 72 has an upper, outer 
periphery slidably laterally engaging with an inner sur- 
fo face of the valve chamber 65 to constitute a lower guide 
wall 79. The rotor 71 has a lower, downwardly extended 
portion 73 formed with an external thread 74, and the 
valve chamber 65 has an inner surface formed with an 
internal thread 75 engaging with the externa! thread 74. 
15 Thereby, the rotation of the rotor 71 moves itself upward 
and downward, since the rotor 71 is engaging with the 
fixed internal thread 75 through the thread engagement, 
so that the needle valve 72 integral with the rotor 71 
moves upward and downward relative to the first open- 
20 ing 62 to control a fluid flow passing therethrough. 

[0006] The pin 70 has an upper end 76 projecting 
from the rotor 71 and opposed to an inner surface of a 
top portion 77 of the housing 67. The rotor 71 has an 
outer periphery opposed to an inner periphery of the 
25 magnet 68. The inner periphery defines an upper, 
eccentric, first cylinder 78 and a lower, reduced-diame- 
ter, second cylinder 80. The eccentric first cylinder 78 
engages the rotor 71 with the magnet 68 not to rotate 
then relative to each other. 
30 [0007] The magnet 68 has a lower end portion 
extending to an outer periphery of 84 of the valve main 
body 60. The lower end portion has a rotor support 87. 
The rotor support 87, as illustrated in FIG. 22, can abut 
against a stopper pin 88 secured to the valve main body 
35 60. The magnet 68 has an upper end portion defining 
an upwardly extended portion 90 which can abut 
against an upper stopper 92. The upper stopper 92 is an 
outer peripheral, downwardly extended member of a 
stopper mechanism 91 secured on an inner peripheral 
40 wall of an upper cover of the housing 67. The housing 
67 has an outer cylindrical surface mounted with coils 
93 communicating with an outer device via a connector 
94. 

[0008] In a motor-operated flow control valve 95 
45 having one thus configured needle valve, the applica- 
tion of an electrical power to the magnet 68 rotates the 
rotor 71. Thereby, the engagement between the exter- 
nal thread 74 formed in the extended portion 73 of the 
rotor 71 and the internal thread 75 formed in an inner 
so wall of the valve chamber causes the rotation of the 
rotor 71 to move upward and downward. This moves 
vertically the needle valve 72 formed in the pin 70 
secured on the rotor 71 , which changes an open area of 
the first opening 62 to control a flow rate of a fluid pass- 
55 ing therethrough. 

[0009] When the needle valve 72 fully closes the 
first opening 62, the rotor support 87 of the magnet 68 
abets against the stopper pin 88 to mechanically stop 
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the rotation of the rotor 71 regardless of a power pulse 
supply to the coils. Meanwhile, when the needle valve 
72 fully opens the first opening 62, the upwardly 
extended portion 90 of the magnet 68 abets against the 
upper stopper 92 of the stopper mechanism 91 so that 
the rotor 71 also stops. 

[0010] The motor-operated valves of various types 
each having a construction other than the above-men- 
tioned one have been used in a freezing cycle system or 
the like. For example, Japanese Patent Laid-open No. 
H. 4-68510 discloses a rotor having a rotation stopper 
mechanism which has been widely used. Referring to 
the mechanism, a case of a motor-operated valve has 
an upper cover fitted with a downwardly extended cen- 
tral rod. The central rod is surrounded by a helical guide 
ring which vertically slidably engages with a slider. The 
slider has an outer end engaging with a stopper rod 
raised from the rotor. 

[001 1 ] The conventional motor-operated valve illus- 
trated in FIG. 22 has the rotor having upper and lower 
projections abutting against the stoppers provided on a 
case of the rotor. This arrangement stops the rotation of 
the rotor when the needle valve is in the fully open state 
or in the fully closed state. However, the motor-operated 
valve requires the upper and lower stoppers, which 
increases the number of parts and causes an increase 
in an assembling man-hour of the valve. This is a disad- 
vantage of the motor-operated valve. The rotation stop- 
' per mechanism disadvantageous^ requires a further 
increased number of parts and a further increased 
assembling man-hour, because the mechanism has the 
central rod wound by the helical guide spring and the 
stopper rod raised from the rotor. 
[0012] In addition, the valve element stops in the 
fully open and closed positions by abutting the mem- 
bers rotating with the rotor against the stoppers. How- 
ever, since the engaging threads may have a backlash 
therebetween, the stopping states of the valve element 
may not be sufficient. 

[0013] Furthermore, the stopping members rotating 
with the rotor abut against the stoppers which are posi- 
tioned radially apart from the central axis of the rotor. 
This disadvantageously generates a larger chattering 
noise when the stopping members hit the stoppers by 
pulses alternately turning the rotor in the normal or 
reverse direction around the stopping position, since the 
stopping members are accelerated in the circumferen- 
tial speed by the radial distance of the stopping mem- 
bers. 

[0014] Such alternate pulses are temporarily pro- 
vided to the rotor when the fully open or closed condi- 
tion of the needle valve is initialized, or even when the 
needle valve is in a normal fully open or closed condi- 
tion, since power pulses may be still supplied in the fully 
open or closed condition of the needle valve. This gen- 
erates such a loud noise of the abutment of the stop- 
pers. 

[0015] Furthermore, the stoppers of the rotation 


stopper mechanism have problems in dimension control 
and durability, which decreases the reliability of the 
motor-operated valve and causes an increased manu- 
facturing cost of the motor-operated valve. 

5 [0016] Moreover, the above-mentioned motor-oper- 
ated valve has the rotor formed with the thread which 
engages with the opposing thread formed in the valve 
main body. Thereby, the rotation of the rotor causes the 
needle valve to move linearly, and the rotor is fully sup- 

w ported by the thread engagement portion. This con- 
struction causes a vertical vibration of the rotor due to a 
backlash of the threads, and the rotor also may deviate 
from its central axis, resulted in generation of a noise. 
[0017] Another motor-operated valve used in an air- 

15 conditioner apparatus has been proposed. The motor- 
operated valve has a rotor and an actuating shaft which 
engage with each other through threads so that the 
rotation of the rotor causes the actuating shaft to move 
linearly. The actuating shaft moves a valve element ver- 

20 tically but is a body formed separately from the valve 
element. The rotor is supported not to move vertically, 
and the valve element is moved vertically but is not 
rotated. However, the motor-operated valve still has 
stoppers to stop the rotation of the rotor at fully open 

25 and closed positions of the vatve element. The motor- 
operated valve has the disadvantages of an increased 
number of parts, an increased assembling man-hour, a 
less durability, etc. 

[0018] Therefore, an object of the present invention 
30 is to provide a motor-operated valve which can stop 
appropriately a needle valve element without an addi- 
tional stopping mechanism. The motor- ope rated valve 
has the advantages of a less number of parts, a 
reduced vibration, and a reduced noise. 
35 [0019] Another object of the present invention is to 
provide a motor-operated valve which has a flat spring 
between a bearing and a needle valve to eliminate an 
impact noise otherwise generated when the needle 
valve directly abuts against the bearing. 

40 

Summary of the Invention 

[0020] For achieving the objects, a motor-operated 
valve according to the present invention includes a rotor 

45 having a shaft formed with an external thread and a 
needle valve element. The valve element has a valve 
head at one end portion thereof and an internal thread 
engaging with the external thread at another end por- 
tion. The valve element also has a joining portion for 

so joining the valve head to the internal thread. The motor- 
operated valve also includes a main valve body having 
a guide portion which stops rotation of the valve ele- 
ment but allows an axial movement of the valve ele- 
ment. The shaft has an upper end rotatably supported 

55 by a supporting portion provided on a top wall of a valve 
housing, while a lower end of the shaft is rotatably sup- 
ported by a bearing secured to the main valve body. 
[0021] Another motor-operated valve according to 
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the present invention includes a rotor having a shaft 
formed with an external thread and a needle valve ele- 
ment. The valve element has a valve head at one end. 
portion thereof and an internal thread engaging with the 
external thread at another end portion. The valve eie- 5 
ment also has a joining portion for joining the valve head 
to the internal thread. The motor-operated valve also 
includes a main valve body having a guide portion 
which stops rotation of the valve element but allows an 
axial movement of the valve element. The main valve 10 
body has a valve seat. The shaft has an upper end sup- 
ported by a supporting portion provided on a top wall of 
a valve housing, while a lower end of the shaft is rotata- 
bly supported by a bearing secured to the main valve 
body. 15 
[0022] The internal thread may be made of a syn- 
thetic resin material. 

[0023] The joining portion comprises a pair of 
opposing rods. The bearing has a guide for slidably 
guiding the rods, and the guide stops the rotation of the 20 
valve element. The bearing has a rotation stopper pro- 
jection engaging with the valve element. The bearing 
also has a support recess receiving the lower end of the 
shaft to receive a thrust force of the shaft. Furthermore, 
the bearing has a bearing bush made of an elastic 25 
material. The bush has a hole receiving the lower end of 
the shaft. The bush also has a thrust receiving portion 
protruding from each surface of the bearing. The bear- 
ing may be aflat plate made of a synthetic resin material 
and having a central hole receiving the lower end of the 30 
shaft. The bearing may have a spring upwardly urging 
the lower end of the shaft. 

[0024] The valve element has a recess formed on 
an outer peripheral surface thereof. In the recess, there 
is provided a slider made of a low friction material. The 35 
shaft has an end directly engaging with a recess formed 
on a top wall of a valve housing. Alternatively, the shaft 
may have an end rotatably supported by a shaft sup- 
porting piece, and the shaft supporting piece has a pro- 
jection engaging with a recess formed on a top wall of 40 
the valve housing. Between the bearing and a top sur- 
face of the rotor, there may be provided a compressed 
spring for urging downward the rotor. Between the valve 
element and the valve main body, there may be pro- 
vided another compressed spring urging downward the 45 
valve element. Between the valve element and the valve 
main body, there may be provided further another com- 
pressed spring urging upward the valve element. The 
external thread may be provided separately from the 
valve element to be integrated on the valve element 50 
afterward. The needle valve may be provided separately 
from the valve element to be integrated on the valve ele- 
ment afterward. The valve head may have a disengage- 
ment preventing matter at a top portion thereof and may 
have a spring receiving portion at an intermediate por- 55 
tion thereof. The valve head is disposed at a lower end 
of the valve element. Between the spring receiving por- 
tion and the lower end of the valve element, there is pro- 


vided further another compressed spring. The joining 
portion may have an upper end shoulder abutting 
against a flat face of the bearing when the valve head is 
fully closed, so that the rotation of the rotor stops. 
[0025] The internal thread may be preliminarily 
formed as an insert from the same synthetic resin mate- 
rial as the valve element. The bearing may be made of 
a sintered metal. 

[0026] Between the bearing and the valve head, 
there may be provided a plate piece having an elastic 
character for urging downward the valve element at an 
initialization position of the valve element. 

Brief Description of the Drawings 

[0027] 

FIG. 1 is a sectional view showing a motor-operated 
valve according to the present invention, in which 
the valve is in a fully closed position; 
FIG. 2 is a sectional view showing the motor-oper- 
ated valve, in which the valve is in a fully open posi- 
tion; 

FIGS. 3A and 3B each are a horizontal sectional 
view particularly showing a bearing plate of the 
motor-operated valve, and FIG. 3A shows a first 
example of the bearing plate while FIG. 3B shows a 
second example of the bearing plate; 
FIGS. 4A and 4B are perspective views showing 
steps for assembling the bearing plate in a needle 
valve element of the motor-operated valve, and 
FIG. 4A shows steps for inserting the bearing plate 
into a space of a joining portion of the valve element 
while FIG. 4B shows a next step for setting the 
bearing plate on the valve element; 
FIGS. 5A and 5E are schematic views generally 
showing operation of the motor-operated valve, 
sequentially showing a fully open state, a normal 
use state, a state in which a valve head rests on a 
valve seat, a state in which power pulses are further 
supplied for closing the needle valve, and a state in 
which power pulses is furthermore supplied for 
closing the needle valve; 

FIG. 6 is a sectional view showing an embodiment 
of the present invention which includes a bush for a 
bearing; 

FIGS. 7 A to 7C are sectional views showing opera- 
tion of the motor-operated valve particularly in rela- 
tion to the bearing bush of FIG. 6, which 
sequentially show a fully open state, a state in 
which a valve head rests on a valve seat, and a 
state in which power pulses are further supplied for 
closing the needle valve; 

FIG. 8 is a sectional view showing an embodiment 
of the present invention which includes a saucer- 
shaped spring; 

FIGS. 9A and 9B are sectional views showing oper- 
ation of the motor-operated valve particularly in 
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relation to the saucer-shaped spring, FIG. 9A show- 
ing a fully open state, FIG. 9B showing a state in 
which power pulses are further supplied for closing 
a valve head after the valve head abuts against a 
valve seat; 5 
FIG. 1 0 is a sectional view showing an embodiment 
of the present invention which includes a needle 
valve element having a slider; 
FIG. 11 is a sectional view showing further another 
embodiment of a motor-operated valve according to 10 
the present invention; 

FIGS. 12 A to 12E are schematic views generally 
showing operation of the motor-operated valve of 
FIG. 11, which sequentially show afully open state, 
a normal use state, a state in which a valve head 15 
rests on a valve seat, a state in which power pulses 
are further supplied for closing the needle valve, 
and a state in which power pulses are furthermore 
supplied for closing the needle valve, and FIG. 12F 
is a graph showing a flow rate of a fluid, a needle 20 
transfer distance, and a rotor transfer distance rela- 
tive to the number of power pulses supplied to the 
motor-operated valve; 

FIG. 13 is a sectional view showing another embod- 
iment of a motor-operated valve which has a spring 25 
for urging downward a needle valve element; 
FIG. 14 is a sectional view showing further another 
embodiment of a motor- ope rated valve which has a 
spring for urging downward a needle valve element; 
FIG. 15 is a sectional view showing further another 30 
embodiment of a motor-operated valve which has a 
stopper for stopping the upward movement of a 
valve shaft; 

FIG. 16 is a sectional view showing further another 
embodiment of a motor-operated valve according to 35 
the present invention; 

FIGS. 17A and 17B each are a view particularly 
showing a support member for supporting an upper 
end of the shaft according to the present invention, 
and FIG. 17A shows a first example of the support 40 
member while FIG. 17B shows a second example 
of the support member; 

FIGS. 18A and 18B each are a view particularly 
showing another example of a bearing plate 
according to the present invention, and FIG. 1 8A is 45 
a plan view while FIG. 18B is a sectional view; 
FIGS. 19A and 19B each are a view particularly 
showing further another example of the bearing 
plate according to the present invention, and FIG. 
19A is a plan view while FIG. 19B is a sectional so 
view; 

FIG. 20 is a sectional view showing further another 
embodiment of a motor-operated valve according to 
the present invention, in which the valve is in a fully 
open state; 55 
FIG. 21 is a sectional view of the embodiment of 
FIG. 20, in which the valve is in a fully closed state; 
FIG. 22 is a sectional view showing a conventional 


motor-operated valve; 

FIG. 23 is a sectional view showing a two-step type 
motor-operated valve of another embodiment of 
according to the present invention, in which the 
valve is in a fully closed state; 
FIGS. 24A to 24C are views showing a motor-oper- 
ated valve of a second embodiment according to 
the present invention, and FIGS. 24A to 24C are 
sequentially a front sectional view, a sectional view 
taken along line A-A, and a view taken in the direc- 
tion of arrow B; 

FIG. 25 is a sectional side view showing the motor- 
operated valve of FIG. 24, in which the valve is in a 
fully open state; 

FIGS. 26A to 26C show, the motor-operated valve 
of FIG. 24 and each are sequentially a sectional 
view, a plan view, and a perspective view illustrating 
an assembling step of the motor-operated valve; 
FIG. 27 includes sectional views of the motor-oper- 
ated valve of FIG. 24 and shows steps for mounting 
a bearing; 

FIGS. 28A to 28E are sectional views of the motor- 
operated valve of FIG. 24 for showing a function of 
a flat spring provided in the motor-operated valve; 
FIG. 29 is a sectional view showing a valve main 
body of a third embodiment according to the 
present invention; and 

FIG. 30 is a sectional side view showing an alterna- 
tive example of the motor-operated valve of FIG. 
29, in which the valve is in a fully closed state. 

Preferred Embodiments of the Invention 

[0028] Referring to the accompanied drawings, 
embodiments of the present invention will be discussed. 
FIG. 1 shows an embodiment of a motor-operated valve 
according to the present invention. The motor-operated 
valve has a main body 1 having a first port 2, a second 
port 3, and a valve chamber 4 disposed between the 
first port 2 and second port 3. The valve chamber 4 
receives a needle valve element 6 with a valve head 5 
positioned at a lower end of the valve element 6. The 
valve element 6 is slidable in the valve chamber 4 verti- 
cally in FIG. 1. 

[0029] The valve element 6 is supported by an 
upwardly extended cylinder 7 so as to be slidable verti- 
cally. The cylinder 7 has a bearing 8 at an upper end 
thereof. 

[0030] The bearing 8, as shown in a plan view of 
FIG. 3A, has a guide recess 10 at each side thereof and 
has an outer periphery 11 which is pressed into or 
clamped by a step 12 provided at an upper end of the 
cylinder 7 to be secured thereto. The bearing 8 has also 
a supporting hollow 13 at a central portion thereof. 
[0031] The bearing 8, for example as illustrated in 
FIG. 3B, has a stopper projection 1 9 protruding from the 
outer periphery 11 . The stopper projection 19 engages 
with an engagement recess provided at an upper, outer 


5 


BNSDOCID: <EP_ 


.10B7158A1_I_> 


9 


EP 1 087 158 A1 


10 


surface of the cylinder 7 for positioning the bearing 8. 
[0032] Each guide recess 10 of the bearing 8 
engages slidably with one of left and right joining por- 
tions 1 4 of the valve element 6. The joining portion 1 4 is 
formed with an upper internal thread portion 15 having 
an internal thread 1 6 at a central part thereof. The inter- 
nal thread 16 engages with an external thread 20 
formed in a shaft 18 secured to a magnet rotor 17. The 
valve element 6 has the valve head 5 formed at a lower 
portion thereof. The valve head 5 is movable relative to 
a valve seat 9. 

[0033] The main body 1 has a lower cover 21 fitted 
at an upper portion thereof by brazing to close a lower 
space of the main body 1 . A housing 22 is joined to the 
lower cover 21 by welding or the like so that the housing 
22 is sealed there. The rotor 17 can rotate in the hous- 
ing 22 with an inner wall of the housing 22 being posi- 
tioned close to the rotor 1 7. On an outer surface of the 
housing 22, there is fitted with a stator23 having wound 
coils. The housing 22 has a top wall 24 formed with an 
inner hollow 25 at a central portion thereof. The hollow 
25 engages with an upper end 26 of the shaft 18, and a 
lower end 27 of the shaft 18 engages with the support- 
ing hollow 13 of the bearing 8. Thereby, each end of the 
shaft 18 joined to the rotor 17 is supported one of the 
hollows so that the rotor 17 can rotate without an unde- 
sirable vertical movement thereof. 
[0034] For securing the bearing 8 on the upper end 
of the cylinder 7 of the main body 1 , first, as illustrated 
in FIG. 4A, the bearing 8 is oriented vertically so that it 
is inserted into a space defined within the joining por- 
tions 14 of the valve element 6. Next, as illustrated in 
FIG. 4B, the bearing 8 is turned to become horizontal 
and each guide recess 10 receives one of the joining 
portions 14. The thus assembled valve element 6 and 
bearing 8 are downwardly inserted into the cylinder 7 of 
the main body 1, and each outer periphery 11 of the 
bearing 8 is secured to the step 12 formed in an upper 
end portion of the cylinder 7 by press-fit or the like. 
[0035] , The thus configured motor-operated valve 
shown in FIG. 1 is in a valve closed position in which the 
valve head 5 is abutting against the valve seat 9. Provid- 
ing power pulses to the coils rotates the rotor 17 in 
response to the number of the pulses, so that the shaft 
1 8 unitarily joined to the rotor 17 rotates with the upper 
and lower ends of the shaft 18 being supported by the 
hollows. However, the valve element 6 does not rotates, 
since the rotation is prevented by the engagement of 
each joining portion 14 with the guide recess 10 pro- 
vided at each side of the bearing 8. Meanwhile, the 
valve element 6 moves upward by the engagement of 
the external thread 20 of the shaft 18 and the internal 
thread 1 6, so that the valve head 5 disengages from the 
valve seat 9 to be in an open state of the valve. 
[0036] Further providing power pulses to the coils 
for opening the motor-operated valve continues to move 
the valve element 6 upward, so that an inner bottom sur- 
face 30, which is formed at a central portion of the valve 


element 6 near a lower end of the joining portion 14, 
abuts against a lower end of a projection 31 formed on 
a rear central surface of the bearing 8 as illustrated in 
FIG. 2. This state is schematically shown in FIG. 5A, in 

5 which the valve is in a fully open state and the internal 
thread 16 is pushing the external thread 20. In this state, 
a further rotational force R of the external thread 20, 
which is clockwise in FIG. 5A, is provided. Thereby, the 
projection 31 of the bearing 8 is pinched by the lower 

to end 27 of the shaft 1 8 and the inner bottom surface 30 
of the valve element 6. As illustrated in FIG. 5A, the 
rotational force R causes a downward thrust force T 
exerted on the shaft and an upward reaction force 
exerted on the valve element, which pinches the bear- 

15 ing 8. This provides a friction force between the lower 
end 27 of the shaft 1 B and the bearing 8 to stop the rota- 
tion of the rotor 17 even when power pulses acting to 
move the valve toward the open position are further pro- 
vided. 

20 [0037] Thus, the valve opening movement stops 
without a specified stopper at a fully open position of the 
valve. The fully open position is correctly determined 
relative to the valve element. In the discussion of the 
present invention, the fully open position is named as an 

25 initialization position which is a reference position for 
adjustment of the valve. In this initialization position, a 
further provision of power pulses acting to open the 
valve element generates a temporary inverse pulse to 
rotate the rotor in reverse. However, the reverse rota- 

30 tional force is weakened since the external thread 20 
and the internal thread 16 are abutting against each 
other with a strong force so that a significant friction 
force is generated therebetween. This allows a reduc- 
tion of a noise caused by the inverse pulses. 

35 [0038] Next, pulses for moving the valve element 
toward its closed position are provided to the coils of the 
valve which has been in the fully closed position. 
Thereby, the rotor, as illustrated in FIG. 5B, rotates 
counterclockwise so that the valve element moves 

40 downward without rotation thereof because of the afore- 
mentioned rotation preventing mechanism. This causes 
the valve head 5 to reduce the open area of the valve 
seat 9 at the close position of the valve. In each of FIGS. 
5B to 5E, the rotation of the rotor is directed toward the 

45 valve closed position. In these states, the valve element 
6 moves downward with the internal thread 16 of the 
valve element 6 hanging the external thread 20 of the 
shaft 18 because of the weight of the valve element 6, 
for example as illustrated in FIG. 5B. A further provision 

so of pulses to the coils further moves the valve element 6 
until the valve head 5 abuts against the valve seat 9 to 
stop the valve element as illustrated in FIG. 1 . Since the 
valve element 6 moves downward without rotation 
thereof, the valve head 5 abuts against the valve seat 9 

55 without its rotation. This eliminates a frictional wear of a 
valve seat which has been appeared in a conventional 
motor-operated valve having a needle valve element 
that moves downward with rotation thereof so that a 
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needle valve head abuts a valve seat with a torsion 
force. 

[0039] In an initial closed state of the valve element 
6 which is illustrated in FIG. 6C, the valve head 5 is 
abutting against the valve seat 9 while the external 
thread 20 is hanging the internal thread 16. A further 
provision of pulses to the rotor 17 for closing the valve 
does not move the valve element 6 further downward, 
while the rotor 17 rotates counterclockwise, as illus- 
trated in FIG. 6C, freely by a backlash distance between 
the threads. During a transition state illustrated in FIG. 
5D, the threads disengage with each other. However, 
the disengagement duration due to the backlash is a 
very short time and the weight of the valve element acts 
to close the valve seat. This has little effect on operation 
of the valve. 

[0040] After the rotor rotates to vertically travel by 
the thread backlash distance, a rotational force R' of the 
shaft 18 causes a force F' abutting the valve element 6 
against the valve seat 9 with a reaction force T moving 
the shaft 18 upward as illustrated in FIG. 5E. Thereby, 
the shaft 18 and the valve element 6 push each other 
between the top wall 24 of the housing 22 supporting 
the upper end 26 of the shaft 1 8 and the valve seat 9 
abutting against the valve head 5. Thus, the valve head 
5 is urged against the valve seat 9 to ensure the closing 
operation of the valve. In the closing operation, the valve 
head 5 is urged against the valve seat 9 without rotation 
thereof, so that no friction force is generated between 
them to prevent a frictional wear of the valve seat 9 and 
the valve head 5. Moreover, a further provision of pulses 
to the rotor 1 7 for closing the valve causes no rotation of 
the rotor 17, since a frictional force is generated 
between the threads. This serves as a stopper for the 
rotor 1 7. 

[0041] The fully closed position may be defined as 
an initialization position. However, the fully open posi- 
tion is more preferable for an initialization position than 
the closed position. That is because, in the closed posi- 
tion, the valve element and the shaft each are urged 
against the valve seat or the valve housing, which may 
cause a deflection of the housing. Furthermore, the 
housing has a manufacturing dimension tolerance. 
Accordingly, the closed position may not be correctly 
determined. 

[0042] The thus configured motor-operated valve 
can stop the rotation of the rotor at the open and closed 
positions of the valve without preparing a specified stop- 
per used in the conventional motor- ope rated valve. In 
addition, the valve head abuts against the valve seat 
without rotation thereof, while the rotor stops in the 
valve fully closed position with no frictional force 
between the needle valve head and the valve seat. Note 
that such a stopping mechanism of the rotor uses an 
axial force of the valve element so that no noise is sub- 
stantially generated unlike the conventional art, even 
when the rotor temporarily rotates in reverse due to a 
further provision of driving pulses for initializing the 


valve position orthe like during the fully open or closed 
state of the valve. In addition, the motor-operated valve 
of the embodiment has the shaft 1 8 axially supported at 
the upper and lower ends. An appropriate design of the 
5 length between the axial end supports can prevent a 
vertical movement of the rotor during the aforemen- 
tioned reverse rotation of the rotor. This is also effective 
to generate no noise. 

[0043] In the fully open or closed position of the 

w motor-operated valve, a significant frictional force may 
be generated between the external and internal threads 
due to an axial force exerted on valve element. The fric- 
tional force may act not to rotate the rotor when the rotor 
should be normally rotated in reverse to move the valve 

15 element toward the opposed position. To eliminate this 
disadvantage, a multi-thread will be applied to the 
threads of the shaft and the valve element Alternatively, 
in the aforementioned motor-operated valve, the exter- 
nal thread 20 and the internal thread 1 6 each may have 

20 a pitch slightly different from each other. The pitch differ- 
ence provides a stopper mechanism for stopping the 
rotation of the rotor when the rotor has rotated by a pre- 
determined number of turns from the fully open or 
closed position of the valve element. 

25 [0044] Another embodiment of a motor-operated 
valve according to the present invention has a construc- 
tion illustrated in FIG. 6. FIG. 7 is a partial enlarged view 
showing a bearing plate illustrated in FIG. 6. A bearing 
plate 8 has a central through hole fitted with a bearing 

30 bush 32 made of a rubber or a synthetic resin elas- 
tomer. The bearing bush 32 has an upper flange 33 
which is an upper thrust receiving portion and has a 
lower flange 34 which is a lower thrust receiving portion. 
The bearing bush 32 has a central through hole 35 

35 which receives downwardly the lower end 27 of the 
shaft 18. The lower end 27 is rotatable and vertically sli- 
dable relative to the bearing bush 32, which serves as a 
radial bearing. FIG. 7A to 7C show sequentially a fully 
open state, a normal operating state, and a fully closed 

40 state of the valve. 

[0045] As well as the previously mentioned embod- 
iment, in the thus constructed valve, the inner bottom 
surface 30 of the valve element 6 abuts against a lower 
surface of the bearing bush 32 when the inner bottom 

45 surface 30 comes close to the bearing 8 at a fully open 
state of the valve as illustrated in FIG. 7A. At the same 
time, an end face 36 formed in a lower end portion of the 
shaft 18 abuts against an upper surface of the upper 
flange 33 of the bearing bush 32. Accordingly, the inner 

so bottom surface 30 of the valve element 6 and the lower 
end of the shaft 18 pinch the bearing via the intermedi- 
ate bearing bush 32 made of a resilient material. This 
decreases a noise due to inverse pulses generated dur- 
ing the initialization of the valve. 

55 [0046] The motor-operated valve of this embodi- 
ment has the shaft 1 8, the lower end portion of which is 
supported by the abutment of the end face 36 against 
the upper surface of the upper flange 33 of the bearing 
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bush 32. Thus, in a normal operating state of the valve, 
the thrust receiving portion bears a load of the rotor as 
illustrated in FIG. 7B. In the fully open state of the valve 
element, as shown in FIG. 6 and in a partial enlarged 
view of FIG. 7C, the valve head 5 abuts against the 
valve seat 9. A further rotation of the rotor in the same 
direction moves the shaft upward, so that the end face 
36 of the shaft 1 8 disengages from the bearing bush 32. 
Then, the rotor stops in the same way as the operation 
described of FIG. 5E. 

[0047] The motor-operated valve of this embodi- 
ment has no such separate valve chamber 4 provided in 
the motor-operated valve of FIGS. 1 and 2 but has a 
chamber in which the valve element slides vertically. 
The chamber has a lower portion defining a communi- 
cation space for the first and second ports 2, 3. The sec- 
ond port 3 is formed in a side wall of the chamber. This 
configuration allows a reduced height and a compact 
design of the motor- ope rated valve. FIG. 8 shows a 
modified example of the motor-operated valve accord- 
ing to the present invention, and FIG. 9 is a partial 
enlarged view particularly showing a bearing plate of 
FIG. 8. That is, a saucer-shaped flat spring 37 is addi- 
tionally provided in the motor-operated valve shown in 
FIGS. 6 and 7. The flat spring 37 has a central through 
hole receiving the lower end 27 of the shaft 1 8. The flat 
spring 37 is compressed and is disposed between an 
upper surface of the upper flange 33 of the bearing bush 
32 and the end face 36 of the shaft 18 to normally urge 
the shaft 1 8 upward. 

[0048] The flat spring 37 provides a resilient resist- 
ant force to the shaft 18 when the rotor rotates in 
reverse temporarily due to inverse pulses generated in 
the valve closed state shown in FIG. 8 and FIG. 9B. This 
allows a reduced noise of the motor-operated valve. 
[0049] The flat spring 37 may be designed to have 
a small resiliency so that the weight of the rotor is 
enough to substantially fully compress the flat spring 37 
during a normal operation state of the valve. If desired, 
the flat spring 37 may be designed to have a larger resil- 
iency to slightly raise the shaft 18 to limit the vertical 
movement of the shaft 18 during a normal operation 
state of the valve. 

[0050] In a fully open state of the valve having the 
flat spring 37, the inner bottom surface 30 of the valve 
element and the lower end of the shaft 18 pinch the 
bush 32 of the bearing 8 therebetween in the same way 
as the motor-operated valve of FIG. 6. Furthermore, as 
illustrated in FIG. 9A, the flat spring 37 is fully com- 
pressed to be flat on the pinched bearing bush 32. 
[0051] This provides an improvement in shock 
absorption as compared with the motor-operated valve 
shown in F!G. 7A having only the bearing bush 32 made 
of a resilient material. That is, an impact force due to an 
inverse pulse generated during an initializing operation 
in the fully open state of the valve may be reduced, 
allowing a less noise of the valve. 
[0052] The saucer-shaped spring may be replaced 


by a washer-type flat spring for normally urging the shaft 
upward. The flat spring may have a plurality of slits 
formed in outer and inner peripheries thereof for giving 
a desired resiliency to the flat spring. Note that such a 
5 flat spring may be applied to the bearing plate shown in 
FIG. 1 without a bearing bush. 

[0053] FIG. 10 shows another motor-operated valve 
embodying the present invention. The motor-operated 
valve has a groove 38 formed in a side wall of the valve 

io element 6 of the previously described embodiments. 
The groove 38 receives a slider piece 40 having a less 
frictional resistance. The slider piece 40 of the valve ele- 
ment 6 is guided by an inner, slide guiding surface 41 of 
the main body 1 , so that the valve element 6 is stable 

75 laterally daring an operation state of the valve. Accord- 
ingly, a noise due to the abutment of the valve element 
6 against the slide guiding surface 41 of the main body 
1 or due to the sliding movement of the valve element 6 
relative to the slide guiding surface 41 may be reduced. 

20 [0054] FIG. 11 shows another motor-operated valve 
embodying the present invention. The motor-operated 
valve has a shaft 1 8 with a lower end 27. The lower end 
27 is received in a through hole 35 of a bearing bush 32 
fitted to the bearing 8 to be supported therein in the 

25 same way as the embodiment of FIG. 6. However, the 
motor-operated valve is different from the embodiment 
of FIG. 6 in that the motor-operated valve has a shaft 
supporting piece 43 supporting the upper end 26 of the 
shaft 1 8 and has a downwardly urging spring 44 for lift- 

30 ing the rotor 17 and the shaft 1 8. More specifically, the 
shaft supporting piece 43 has an engagement projec- 
tion 45 at an upper end portion thereof, and the engage- 
ment projection 45 engages with the hollow 25 formed 
on the top wall 24 of the housing 22. The shaft support- 

35 ing piece 43 has a central shaft bearing recess 46 
receiving the upper end 26 of the shaft 1 8. Between a 
spring supporting portion 47 formed an outer periphery 
of the shaft supporting piece 43 and an upper surface 
48 of the rotor 1 7, there is mounted the downwardly urg- 

40 ing spring 44 to be compressed therein. 

[0055] Operation states of the motor-operated valve 
of FIG. 11 are shown in FIGS. 12Ato 12E, and FIG. 12F 
shows a flow rate of a fluid passing through the valve 
relative to operation states of the valve. The motor-oper- 

45 ated valve operates substantially in the same way as the 
motor-operated valve shown in FIG. 5. In FIGS. 12 A to 
12E, the same reference numerals and arrow heads as 
those of FIGS. 5A to 5E show the same components or 
directions as FIGS. 5 A to 5E. Specifically in the motor- 

50 operated valve of FIG. 1 1 , a further provision of pulses 
for driving the valve element toward the valve closed 
position in a fully closed state shown in FIG. 12C urges 
the valve element 6 against the valve seat 9. Thereby, 
the rotor 17 moves upward to be in a state shown in 

55 FIG. 11 or in a partial view of FIG. 1 2E via a state shown 
in FIG. 12D. In FIG. 12E, a shoulder 50 of the rotor 17 is 
abutting against a lower end surface 51 of the shaft sup- 
porting piece 43, and the shaft supporting piece 43 is 
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urged upward by the spring 44. Thereby, the engage- 
ment projection 45 of the shaft supporting piece 43 
engages with and abuts against the hollow 25 of the top 
wall 24, so that the upward movement of the rotor 17 is 
stopped and the rotation of the rotor 17 is also stopped 
due to a frictional force cause by the abutment. 
[0056] A further provision of pulses for driving the 
valve element toward the valve closed position causes a 
temporary reverse rotation of the rotor 17 as described 
above. At the same time, the shaft 18 moves downward 
slightly, since the external thread 20 of the shaft 18 is 
engaging with the internal thread 16 of the valve ele- 
ment 6 and the valve head 5 is abutting against the 
valve seat 9 so that the valve element 6 can not move 
further downward. In this state, the external thread 20 
tends to disengage from the internal thread 16. How- 
ever, in this embodiment, the spring 44 urging the shaft 
18 downward causes a lower surface of the external 
thread 20 to abut against an upper surface of the inter- 
nal thread 16. Thus, the external thread 20 and the 
internal thread 16 do not disengage from each other, 
eliminating a noise due to chattering of the threads. 
[0057] In addition, the spring 44 urges the rotor 17 
downward, so that the external thread 20 contacts the 
internal thread 16 invariably during the vertical move- 
ment of the rotor 17 and the valve element 6 is urged 
downward. Thereby, the valve head 5 does not disen- 
gage from the valve seat 9 in the closed position, and no 
fluid leak occurs even at a reverse rotation of the rotor 
17. 

[0058] FIG. 1 2F is a graph showing variations of the 
transfer distance of the rotor 17, the transfer distance of 
the valve head 5, and a flow rate of a fluid passing 
through the motor-operated valve of the embodiment. 
FIGS. 12A to 12E each correspond sequentially to a 
state in which the motor-operated valve is provided with 
pulses the number of which is s to t, q to s, q, p to q, or 
0 (zero). A state in which the number r of pulses are pro- 
vided corresponds to just when a tip of the valve head 5 
has disengaged from the valve seat 9. The number u 
shows a state in which a minus pulse is provided to the 
motor-operated valve. 

[0059] As clearly illustrated in FIG. 12F, the valve 
head 5 begins to move upward when the number q of 
pulses is provided to the motor-operated valve. As illus- 
trated in FIG. 12F, the flow rate increases along a solid 
line proportional to the upward transfer distance of the 
needle as shown by a chain line. The motor- operated 
valve operates normally within this range. That is, after 
the tip of the valve head 5 has passed the valve seat 9 
at the pulse number r, the flow rate increases steeply 
with increase of the number of pulses. At the pulse 
number s, as illustrated in FIG. 12A, the bearing bush 
32 is sandwiched by a lower end of the shaft 1 8 and the 
inner bottom surface 30 of the valve element 6 to stop 
the upward movement of the needle. A further provision 
of pulses up to the number t ensures the sandwiching 
state, and an energy supply to the coils is interrupted. 


[0060] In the present invention, the fully open posi- 
tion of the valve is defined as an initialization position of 
the valve. At an initialization of the valve, pulses for 
rotating the rotor toward the valve opening direction are 

5 further provided to the motor-operated valve. Thereby, 
the rotor 17 rotates in reverse slightly, but the rotor 17 
does not move vertically, since the spring 44 is urging 
the rotor 17 downward toward the bearing bush 32. 
Thus, the rotor 17 only moves forward and backward in 

10 the rotational directions thereof in response to plus or 
minus pulses provided to the motor-operated valve. 
Note that the valve element 6 moves vertically due to 
the engagement of the external thread 20 and the inter- 
nal thread 1 6 by the rotational movement of the rotor 1 7. 

15 However, the vertical movement of the valve element 6 
may cause no change of the flow rate of the fluid pass- 
ing through the valve, when the motor-operated valve is 
constructed such that a maximum flow rate of the fluid is 
provided before the fully open state of the valve element 

2 o 6 or such that several driving pulses are needed to 
reach the fully open state of the valve element 6 after 
the valve has become a maximum flow rate condition. 
The spring 44 urges the rotor 17 downward during a 
period corresponding to the supplied number of pulses 

25 between q to t so that the rotor 1 7 keeps the lowest posi- 
tion as shown by a dotted line in FIG. 12F. 
[0061] Meanwhile, during the operation for closing 
the valve from the fully open state, the valve acts in a 
reverse way of the above-mentioned operation to reach 

30 a position associated with the pulse number q. Thereaf- 
ter, a further provision of pulses to close the valve 
causes a lower surface of the Internal thread 16 to dis- 
engage from an upper surface of the external thread 20 
as illustrated in FIG. 12D and engages an uppersurface 

35 of the internal thread 16 with a lower surface of the 
external thread 20 as illustrated in FIG. 12E. This state 
corresponds to a state associated with the pulse 
number p of FIG. 12F. The pulse number p, which is a 
snail value, corresponds to a backlash distance of the 

40 threads. During the provision of the pulse number p, the 
rotor 17 does not move vertically due to the force of the 
downwardly urging spring 44, so that the needle also 
does not move. 

[0062] A further provision of pulses for closing the 
45 valve moves the shaft upward as previously discussed, 
so that the rotor 1 7 move upward as illustrated by a dot- 
ted line in FIG. 12F. Thereafter, the valve finally reaches 
a state associated with a minus pulse number u via a 
state associated with the pulse number 0. In the final 
50 state, which is illustrated In FIG. 1 2E, the shoulder 50 of 
the rotor 17 abuts against the lower end surface 51 of 
the shaft supporting piece 43 to stop the upward move- 
ment of the rotor. During this operation, the valve head 
5 is urged against the valve seat 9 not to move as illus- 
55 trated by a solid line in FIG. 12F. A further provision of 
pulses for closing the valve causes the rotor to rotate in 
reverse so that the shaft 18 moves slightly downward to 
tend to disengage the external thread 20 from the inter- 
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nal thread 16. However, the spring 44 is urging the shaft 
1 8 downward so that a lower surface of the external 
thread 20 is being abutted against an upper surface of 
the internal thread 1 6. Thus, the external thread 20 and 
the internal thread 1 6 do not disengage from each other 5 
to prevent generation of a noise. Moreover, since the 
spring 44 invariably urges the valve element 6 down- 
ward so that the valve head 5 may not disengage from 
the valve seat 9, preventing fluid leak of the valve ele- 
ment 6. 10 
[0063] In the above-mentioned embodiment, the 
fully open closed position is used for initialization of the 
valve movement. The fully closed position shown in FIG. 
12E also may be defined as an initialization position. In 
the fully closed state, a further provision of pulses for 75 
closing the valve causes the rotor to rotate in reverse. 
However, the spring 44 is urging the external thread 20 
against the internal thread 16, generating no noise due 
to repeated hits of the external thread 20 against the 
internal thread 1 6 during the initialization of the valve. 20 
[0064] Nevertheless, the initialization in the closed 
position is not enough to obtain a precise initialization 
position. That is because the distance from the initial- 
ized closed position, in which the valve head rests on 
the valve seat, to the fully open position is determined 25 
with an accumulation of dimensional allowances of the 
main body 1, the valve head 5, the joining portion 14, 
the shaft 18, the shaft supporting piece 43, the housing 
22, etc. Furthermore, the housing 22 may deflect by the 
reaction force from the shaft 18. Accordingly, the fully 30 
open position, in which the bearing bush 32 has been 
pinched, is more preferable as an initialization position 
than the closed position. 

[0065] The initialization in the fully open state, 
which is superior in precision than the fully closed state, 35 
may generate a noise due to repeated hits of the exter- 
nal thread 20 and the internal thread 1 6 when the rotor 
rotates in reverse. To eliminate the noise, it is preferable 
that the valve element 6 has a flange 53 at a lower outer 
periphery thereof and a compressed, downwardly urg- 40 
ing spring 55 disposed between the flange 53 and a 
bearing supporting shoulder 54 of the main body 1 as 
illustrated in FIG. 13. The compressed spring 55 can 
keep the internal thread 1 6 to abut against the external 
thread 20 even when the external thread 20 tends to 45 
disengage from the internal thread 16, preventing gen- 
eration of a noise. 

[0066] Another valve biasing spring 55 having the 
same function as that of FIG. 13 is illustrated in FIG. 14. 
The valve element 6 has a bottom wall formed with a 50 
spring receiving recess 56. The downwardly urging 
spring 55 is compressed to be received between a bot- 
tom surface of the spring receiving recess 56 and a 
lower surface of the bearing 8. 

[0067] In the above-mentioned motor-operated 55 
valve, the shoulder 50 of the rotor 17 abuts against the 
lower end surface 51 of the shaft supporting piece 43 to 
stop the upward movement of the rotor 17 at the fully 


closed position of the valve. Alternatively, as illustrated 
in FIG. 15, the shaft supporting piece 43 may have a 
central shaft bearing recess 46 having an end 52 which 
abuts against the upper end 26 of the shaft 18 to stop 
the upward movement of the rotor 17. 
[0068] FIG. 16 shows further another motor-oper- 
ated valve embodying the present invention. The motor- 
operated valve has a shaft 1 8 with a lower end 27 that is 
received in a supporting hollow 13 of the bearing 8 to be 
supported in the same way as the embodiment of FIG. 
1 . The motor-operated valve has the shaft supporting 
piece 43 supporting the upper end 26 of the shaft 18 in 
the same way as the embodiment of FIG. 1 1 . That is, 
the shaft supporting piece 43 has the engagement pro- 
jection 45 at an upper end portion thereof, and the 
engagement projection 45 engages with the hollow 25 
formed on the top wall 24 of the housing 22. The shaft 
supporting piece 43 has a central shaft bearing recess 
46 receiving the upper end 26 of the shaft 1 8. Between 
the spring supporting portion 47 formed an outer 
periphery of the shaft supporting piece 43 and the 
upper surface 48 of the rotor 17, there is mounted the 
downwardly urging spring 44 to be compressed therein. 
Furthermore, the valve element 6 has a flange 39 at an 
upper end thereof, and between the flange 39 and the 
bearing 8, there is disposed a compressed, downwardly 
urging spring 58. 

[0069] In the motor-operated valve having such 
springs, the downwardly urging spring 44 invariably 
urges the rotor 17 toward the bearing 8 to stop vertical 
and lateral movements of the rotor 1 7, so that the rotor 
1 7 may operate stably with a reduced vibration thereof. 
A further provision of pulses for closing the valve at the 
valve closed position occurs an inverse pulse to rotate 
the rotor temporally in reverse so that the rotor 17 and 
the valve head 5 tend to move downward and upward in 
the same way as at the initialization of the valve. How- 
ever, the downwardly urging spring 44 is urging the 
valve head 5 against the valve seat 9, preventing fluid 
leak of the valve element 6. 

[0070] Meanwhile, the downwardly urging spring 58 
urges the internal thread 16 against the external thread 
20 that is in a stable state caused by the downwardly 
urging spring 44. This allows a stable state of the valve 
head 5, preventing generation of a noise. Note that the 
downwardly urging spring 44 is larger in resiliency than 
the downwardly urging spring 58 so that the lower end 
27 of the shaft may not disengage from the bearing 8. In 
addition, the downwardly urging spring 58 has a resil- 
iency enough small not to provide a large load to the 
valve element 6 when the valve element 6 moves down- 
ward. 

[0071] In the motor-operated valve illustrated in 
FIG. 16, an upper internal thread piece 49 having the 
internal thread 16 is a body separately formed from the 
valve element 6, and the valve head 5 is also a body 
separately formed from the valve element 6. The valve 
element 6 has the joining portion 14 joining the lower 
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the valve head 5 to the internal thread piece 49. The 
separate body construction of the internal thread piece 
49 and the valve head 5 allows precise forming of them 
from various kinds of materials and achieves desirable 
characters of them. A durable material is applied to a 
part receiving a considerably larger force. 
[0072] The internal thread piece 49 and the valve 
head 5, which have been formed to be the separate 
bodies, are secured to the joining portion 14 by press fit. 
When the valve element 6 is made of a resin material, 
the internal thread piece 49 and the valve head 5 may 
be secured to the valve element 6 by inset molding. 
Optionally, the resin material may have a low friction 
coefficient. 

[0073] In the above-mentioned embodiment, the 
top wall 24 of the housing 22 has the hollow for support- 
ing the upper end of the shaft or for receiving the upper 
end portion of the shaft supporting piece 43. Alterna- 
tively, as illustrated in FIG. 17, an end supporting piece 

1 00 may be provided. FIG. 1 7A shows the end support- 
ing piece 100 having an upwardly projecting portion 
101, an outwardly radially extended, lower flange 102, 
and a downwardly opened recess 103. The projection 

101 is upwardly inserted into an opening 104 formed in 
the top wall 24 to be engaged therewith. The flange 1 02 
is abutted against an inner surface of the top wall 24, 
and an outer peripheral surface of the projection 101 is 
secured to the opening 1 04 of the top wall 24, for exam- 
ple by brazing 105. FIG. 17B shows another supporting 
piece 106 consisting of a short cylindrical member hav- 
ing a through hole 107. The supporting piece 106 is 
abutted against an inner surface of the top wall 24 and 
is secured to the top wall 24, for example by spot weld- 
ing 1 08 which is carried out from the outside. 

[0074] In the above-mentioned embodiment, there 
is provided a bearing plate like that shown in FIG. 3, 
which has a guide recess 10 at each side thereof for 
engaging with the joining portion of the valve element. 
Alternatively, as illustrated in FIG. 18, there may be pro- 
vided another bearing plate having a flat end 110 at 
each side thereof in place of the guide recess 10, which 
achieves the same function as that of FIG. 3 for prevent- 
ing a rotational movement of the valve head and for slid- 
ingly guiding the valve head. The bearing plate of this 
embodiment has a bearing bush 1 1 1 made of an elastic 
metal material at a central potion thereof. Each flat end 
110 requires no such turning step of the bearing plate 
as illustrated in FIG. 4 when assembled. 
[0075] Furthermore, as illustrated in FIG. 19, there 
may be provided another bearing plate having a flat end 
1 10 at each side thereof like thai of FIG. 18. The bear- 
ing plate of FIG. 19 is a flat plate made of a synthetic 
resin material having a high strength and is formed with 
a central through hole 112 receiving a lower end of the 
shaft. Such a bearing plate requires no bearing bush to 
allow a reduced number of parts and a reduced assem- 
bling man-hour, resulting in a reduce cost thereof. The 
bearing plate composing a sliding guide made of a syn- 


thetic resin material for the valve element eliminates a 
noise having a high frequency due to the sliding move- 
ment. 

[0076] FIGS. 20 and 21 show another motor-oper- 

5 ated valve according to the present invention. The 
motor-operated valve has a needle valve head 1 1 3 sep- 
arately formed from a valve element 6, and the valve 
head 1 13 slidingly engages with a disengagement stop- 
per 1 1 5 formed in a lower end portion 1 1 4 of valve ele- 

io ment 6. The valve head 113 has a top end having the 
disengagement stopper 115 and an intermediate por- 
tion having a spring support 116. Between the spring 
support 116 and an end surface 117 of the lower end 
portion 1 14 of the valve element 6, there is mounted a 

15 compressed spring 118. The spring 118 invariably 
urges the valve head 113 downward, and the disen- 
gagement stopper 1 15 is abutting against the inner bot- 
tom surface 30 of the valve element 6 in a released 
position of the valve head. 

20 [0077] In a closed state of the motor-operated 
valve, as illustrated in FIG. 21, the valve head 113 
engages with the valve seat 9. A further rotational 
movement of the rotor to move the valve element 6 
downward compresses the spring 1 1 8. so that the rota- 

25 tional force of the rotor is not exerted on the valve seat 
9 when the valve head 1 1 3 engages with the valve seat 
9. This causes no friction force between the valve head 
113 and the valve seat 9, eliminating a frictional wear 
thereof. This state allows a smooth opening operation of 

30 the valve. 

[0078] The motor-operated valve of this embodi- 
ment uses the flat bearing plate 120 illustrated in FIG. 
19. In a fully closed state of the valve which is shown in 
FIG. 21, a shoulder 121 formed in an upper end part of 

35 the joining portion of the valve element 6 abuts against 
an upper surface 122 of the bearing plate 120 to stop 
the valve element 6. Meanwhile, in a fully open state of 
the valve which is shown In FIG. 20, an upper end 123 
of the valve head 113 abuts against a bottom surface 

40 1 24 of the bearing plate 1 20 to stop the valve element 6. 
[0079] Hence, the stopping operations of the fully 
open and close states of the valve are carried out by the 
engagement of the flat surfaces. Particularly in the fully 
closed state of the valve, this construction prevents an 

45 inclining movement of the central axis of the valve, so 
that the internal and externa! threads may keep to be 
coaxial with each other to eliminate an undesired lock of 
the threads. Otherwise, an inclining movement of the 
central axis of the valve might occur, which may appear 

so in some other embodiments, when the valve closing 
force of the rotor urges a tapered peripheral surface of 
the valve head against the valve seat to exert a force to 
abut the valve head against the valve element. 
[0080] The bearing plate of FIGS 20 and 21 , which 

55 has a guide recess at each side thereof, is used as a 
member which allows the vertical movement of the 
valve element but stops the rotation of the valve ele- 
ment. Alternatively, there may be provided a pin project- 


11 


21 


EP1 087 158 A1 


22 


ing from the valve element and a guide formed in the 
valve main body for guiding the pin. Or, there may be 
provided a projection on the valve element, which slid- 
ingly engages with a groove formed in the valve main 
body. Or, there may be provided one of conventional 
means for converting the rotational movement of the 
rotor to an axial reciprocating movement of the valve 
element. 

[0081] Next, another embodiment shown in FIG. 23 
will be discussed. This embodiment relates to a two- 
step type motor-operated valve that has a rotor 1 7, a 
shaft 18 secured to the rotor 17, an interna! thread 16 
formed on the shaft 18, a valve element 6, and a main 
body 1. The valve element 6 has a valve head 5 at one 
end portion and an external thread 20 formed on 
another end portion thereof for engaging with the inter- 
nal thread 16. The main body 1 is fitted with a main 
valve 150 via a stopper 151. The main valve 150 is ver- 
tically movable. The main body 1 also has a first valve 
seat 1 52 engageable with the valve head 5 and a sec- 
ond valve seat 153 engageable with the main valve 150. 
The main body 1 also has a guide portion 154 for slid- 
ingly guiding the valve element 6 to allow the axial recip- 
rocating movement thereof. The shaft 18 is rotatably 
supported at an upper, end thereof by a hollow 25 
formed in a top wall of a housing 22 covering the rotor 
1 7 and at a lower end thereof by a bearing 8 fixed on the 
main body 1. 

[0082] This embodiment has the downwardly urg- 
ing spring 44 the same as the embodiment shown in 
FIG. 11. The downwardly urging spring 44 acts in the 
same way as discussed of FIG. 1 1 . 
[0083] The two-step type motor- operated valve, 
which is provided with the main valve 150 having the 
first valve seat 152 for the valve head 5, has advanta- 
geous effects similar to the previously described 
embodiments. 

[0084] As discussed above in detail, each embodi- 
ment has a spring to reduce an impact noise generated 
due to the vertical movement of the rotor or a noise gen- 
erated when a needle valve element abuts against a 
bearing plate particularly during an initialization of the 
valve. 

[0085] Next, another embodiment (a second 
embodiment) has a flat spring for eliminating an impact 
noise generated due to the abutment of a needle valve 
head against a bearing. 

[0086] Referring to FIGS. 24 to 28, the second 
embodiment according to the present invention will be 
discussed. 

[0087] In the second embodiment, as illustrated in 
FIGS. 24 to 26, there is provided a flat spring 200 
between a, bearing 213 and a valve head 205 for down- 
wardly urging the valve head 205 at an initialization 
position of the valve. FIG. 26 is an enlarged view partic- 
ularly showing a bearing portion of the second embodi- 
ment. In FIGS. 24 to 28, a constitutional element the 
same as that of FIG 1 has a reference numeral in which 


the number of 200 is added to the numeral of the same 
element of FIG. 1. Thus, the same component will not 
be discussed again in detail. 

[0088] The flat spring 200, as illustrated in FIGS. 

5 26A to 26C, has a rising plate 200a that is used to 
secure the internal thread 220 to the bearing 21 3. More 
specifically, the bearing 21 3 is formed with a pair of hol- 
lows 213a each of which clamps a projection of the ris- 
ing plate 200a of the flat spring 200, so that the flat 

w spring 200 is integrally secured to the bearing 213. 
[0089] As illustrated in FIG. 26C, a subassembly 
200A of the bearing 213 and the flat spring 200 is 
inserted into a valve main body 201, and the bearing 
213 is integrated with the valve main body 201 by 

is clamping a peripheral wall of an upper end portion 201 a 
of the valve main body 201 to the subassembly 200A. 
FIG. 27 shows sequential steps for the clamping. 
[0090] The flat spring 200 has a main part 200b that 
moves forward and backward relative to a bottom sur- 

20 face of the bearing 213 to serve as a spring. 

[0091] Next, referring to FIGS. 28A to 28E, the func- 
tion of the flat spring will be discussed in detail. The 
valve head 205 which has been in an intermediate posi- 
tion (FIG. 28A) moves toward its closed position 

25 (upward) by clockwise rotating a rotor 217 (external 
thread 21 6). An upper end of the valve head 205 abuts 
against the bearing 213 to stop the valve, in which the 
valve is in its fully open state. The position is defined as 
an initialization position of the valve (FIG. 28B). 

30 [0092] A further power provision of to coils 223 
causes the rotor 21 7 to rotate in reverse (FIG. 28C),that 
is, to instantaneously rotate the rotor 217 (external 
thread 216) counterclockwise so that a valve head 205 
(internal thread 220) moves downward. 

35 [0093] This movement provides a backlash (5 of 
FIG. 28C) which is a clearance of the internal thread 
220 of the valve head 205 relative to the external thread 
21 6. The backlash may generate a vibration noise at the 
initialization of the valve. In the embodiment, the flat 

40 spring 200 disposed between the bearing 213 and the 
valve head 205 urges the external thread 216 down- 
ward at the initialization, reducing the vibration noise 
due to the backlash. FIG. 28D shows the fully open 
state, and FIG. 28 E shows an inverse rotation state of 

45 the valve. 

[0094] Thus, the second embodiment includes the 
flat spring 200 that invariably urges the valve head 205 
downward to limit the valve head 205 to move upward 
and downward at the inverse rotation state of the rotor 
so 217. This prevents a noise generated by repeated 
upward/downward movements of the valve head 205. 
[0095] Next, a third embodiment of the present 
invention will be discussed. 

[0096] The third embodiment includes such an 
55 internal thread and a bearing as the previously dis- 
cussed embodiments. However, the internal thread is 
made of a synthetic resin material, and the bearing is 
made of a sintered metal. This allows the bearing to 
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have a strength to receive a larger load and enables a 
noise reduction. 

[0097] Referring to FIG. 29, the reference numeral 
320 designates a synthetic resin made internal thread. 
The internal thread 320 is preliminarily molded from the 5 
resin as an insert part. A valve main body 301 is formed 
from the same resin to constitute a motor-operated 
valve. 

[0098] The synthetic resin internal thread 320 has a 
resiliency to reduce an impact force generated between 
the external and internal threads during the initialization 
of the valve. In addition, a complicated thread shape is 
easily formed. Moreover, since a force for forwarding the 
threads varies with a f rictional coefficient of the threads, 
the threads may be made of a materia! allowing a less 
friction to provide an efficient actuation mechanism for 
the valve. 

[0099] The pre-molded internal thread 320 is used 
for an insert part to mold the valve main body 301 with 
the same material, resulting in a reduced producing 
cost of the valve. 

[0100] Note that a motor-operated valve having a 
large capacity requires a strength larger than the 
embodiment of FIG. 29 which has the synthetic resin 
made actuating members. The embodiment of FIG. 30 
has a bearing 313 made of a sintered metal. Thus, the 
bearing 313 has a strength larger than one made of a 
synthetic resin material and also has an' appropriate 
friction coefficient. 

[0101] The motor-operated valve of FIG. 30 has a 
large opening for mounting the bearing 313 in the valve 
main body 301 with ease. 

[0102] In the third embodiment, the bearing 313 
may be made of the synthetic resin material. The bear- 
ing 31 3 is fitted with a flat spring in the same way as the 
second embodiment. The integrated bearing piece and 
flat spring are clamped in the valve main body to pre- 
vent the rotation and disengagement of the piece. In 
addition, the flat spring serves as a washer receiving an 
axial force to compensate the synthetic resin made 
bearing piece in strength. 

Industrial Applicability of the Invention 

[0103] A first, second, or third aspect of the inven- 
tion provides a motor-operated valve in which an axial 
force of a rotor and a valve element can stop the rotation 
of the rotor without any specified stopper. This allows a 
reduced cost and a reduced assembling man-hour. Fur- 
thermore, the motor-operated valve operates reliably 
during its long service life and eliminates a noise gener- 
ated by a stopper provided in a conventional motor- 
operated valve. Moreover, each end of a shaft of the 
rotor is axially supported, so that the rotor can stably 
rotate. The valve element moves upward and downward 
without rotation to open and close a valve head. Thus, a 
valve head of the needle valve abuts against a valve 
seat without rotation, preventing a frictional wear of the 


valve head arid the valve seat. Furthermore, an upper 
end of the rotor shaft is supported by a hollow formed in 
a top wall of a valve housing, so that no additional sup- 
port is required to support the rotor on the housing, 
allowing a reduced cost of the motor-operated valve. 
[0104] In a fourth aspect of the invention, a joining 
portion comprises a pair of opposing rods. A bearing of 
the shaft has a guide for slidably guiding the rods, and 
the guide stops the rotation of the valve element. This 
construction provides easily the sure stopping and guid- 
ing of the valve element without an additional element 
such as a pin. 

[0105] In a fifth aspect of the invention, the bearing 
has a rotation stopper projection engaging with the 
valve element. The bearing does not rotate due to the 
engagement of the projection and a valve main body 
even when the bearing has a circular outer periphery. In 
addition, the bearing is simple in construction. 
[0106] In a sixth aspect of the invention, the bearing 
also has a support recess receiving a lower end of the 
shaft to transmit thrust of the shaft. Thus, the support 
recess surely bears the shaft thrust, allowing a stable 
operation of the motor-operated valve. 
[0107] In a, seventh aspect of the invention, the 
bearing has a bearing bush made of an elastic material 
. The bush has a hole receiving the lower end of the 
shaft. The bush also has a thrust receiving portion pro- 
truding from each surface of the bearing. Thus, at a fully 
closed state of the valve, the lower end of the shaft and 
an upper end of the valve element pinch the elastic bush 
to stop the rotor rotation. This allows a noise reduction 
when the bearing receives the pinching force. 
[0108] In an eighth aspect of the invention, the 
bearing is a flat plate made of a synthetic resin material 
and having a central hole receiving the lower end of the 
shaft. The bearing plate allows a reduced cost in manu- 
facturing thereof and prevent generation of a noise 
when the bearing plate functions as a stopper. In addi- 
tion, the joining portion and sliding portion of the valve 
element, which may be made of a synthetic resin mate- 
rial, prevent generation of a sliding noise. 
[0109] In a ninth aspect of the invention, the bearing 
has a spring upwardly urging the lower end of the shaft. 
This reduces a noise of the motor-operated valve, since 
a torsion force of the spring reduces a force for rotating 
the rotor in reverse due to an inverse pulse generated 
when the rotor tends to move upward against the valve 
element at a fully open position of the valve element. 
[0110] In a tenth aspect of the invention, the valve 
element has a recess formed on an outer peripheral 
surface thereof. In the recess, there is provided a slider 
made of a low friction material. Thus, the valve element 
does not sway laterally to surely move upward and 
downward. The valve element also slides with a less 
resistant force, which enables the valve element to 
move reliably with a less operational force. 
[0111] In an eleventh aspect of the invention, the 
shaft has an upper end directly engaging with a recess 
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formed on a top wall of the valve housing. Thus, no 
additional member is.required to support the upper end 
of the shaft, reducing a manufacturing cost of the motor- 
operated valve. 

[0112] In a twelfth aspect of the invention, the shaft 
has an end rotatably supported by a bearing. The bear- 
ing has projection engaging with a recess formed on a 
top wall of the valve housing. Thus, the shaft engaging 
with the bearing rotates stably since the bearing can be 
precisely machined. In addition, the axial abutment of 
the shaft bearing against the rotor or against the shaft 
functions as a stopper of the valve element in the valve 
closed state. This allows a sure operation for stopping 
the valve element. 

[0113] In a thirteenth aspect of the invention, 
between the bearing and a top surface of the rotor, there 
is provided a compressed spring for urging downward 
the rotor. Thus, when a temporary reverse rotation of 
the rotor occurs due to a further provision of pulses for 
closing the valve at the fully closed position of the nee- 
dle valve, the spring urges the shaft downward to pre- 
vent an internal thread from disengaging from an 
external thread. Thereby, a noise of the threads is elim- 
inated, and the valve element is urged downward so 
that the valve head does not disengage from the valve 
seat to prevent the leak of fluid thereof. 
[0114] In a fourteenth aspect of the invention, 
between the valve element and the valve main body, 
there is provided another compressed spring urging 
downward the valve element. Thus, when a temporary 
reverse rotation of the rotor occurs on initialization of the 
valve at the fully open position of the needle valve, the 
spring prevents the internal, thread from disengaging 
from the external thread. Thereby, a noise of the threads 
is eliminated. 

[0115] In a fifteenth aspect of the invention, 
between the valve element and the valve main body, 
there is provided further another compressed spring 
urging upward the valve element. Thus, when a tempo- 
rary reverse rotation of the rotor occurs due to a further 
provision of pulses for closing the valve at the fully 
closed position of the needle valve, the spring prevents 
the internal thread from disengaging from the external 
thread. Thereby, a noise of the threads is eliminated. 
[0116] In a sixteenth aspect of the invention, the 
external thread is provided separately from the valve 
element to be integrated on the valve element after- 
ward. Thus, the internal thread can be made of a dura- 
ble material such as a metal even when the valve main 
body is made of a comparatively low strength material 
like synthetic resin. The valve main body reduces a 
manufacturing cost of the valve. 

[0117] In a seventeenth aspect of the invention, the 
needle valve may be provided separately from the valve 
element to be integrated on the valve element after- 
ward. Thus, the valve head can be made of a durable 
material even when the valve element is made of a com- 
paratively low strength material. The valve head can 


have a precisely machined portion with ease, providing 
a reliable valve element. 

[0118] In an eighteenth aspect of the invention, the 
valve head has a disengagement preventing member at 

5 a top portion thereof and has a spring receiving portion 
at an intermediate portion thereof. The valve head is 
disposed at a lower end of the valve element. Between 
the spring receiving portion and the lower end of the 
valve element, there is provided further another com- 

w pressed spring. Thus, only the urging force of the spring 
is exerted on the valve element with receiving no thrust 
of the rotor at the fully closed state of the needle valve, 
preventing the valve head from being pressed into the 
valve seat. 

15 [0119] In a nineteenth aspect of the invention, the 
joining portion may have an upper end shoulder abut- 
ting against a flat face of the shaft bearing when the 
needle valve is fully closed, so that the rotation of the 
rotor stops. Thus, the stopping state of the rotor is sta- 

20 bier than when the rotor is stopped by the engagement 
of an outer peripheral surface of a needle valve with an 
inner peripheral surface of the valve seat. In addition, 
there is no lateral deviation of the axis of the valve which 
otherwise occurs due to reaction forces of the valve 

25 main body when the rotor is forcedly stopped. This can 
keep the internal thread to be co-axial with the external 
thread, preventing locking of the threads. 
[0120] Moreover, the second and third embodi- 
ments have operational effects described in the follow- 

30 ing. 

(1 ) The flat spring 200 invariably urges the valve 
head 205 downward to limit the valve head 205 to 
move upward and downward during a temporary 

35 reverse rotation of the rotor 217. This prevents a 
noise generated by repeated upward/downward 
movements of the valve head 205. 

(2) The synthetic resin made internal thread 320 
has a resiliency to reduce an impact force gener- 
ic ated between the external and internal threads dur- 
ing the initialization of the valve. In addition, a 
complicated thread shape is easily formed. Moreo- 
ver, since a force for forwarding the threads varies 
with a frictional coefficient of the threads, the 

45 threads may be made of a material allowing a less 
friction to enable an efficient actuation mechanism 
for the valve. 

[0121] The pre-molded internal thread 320 is used 
so for an insert part to mold the valve main body 301 with 
the same material, resulting in a reduced producing 
cost of the valve. 

[0122] The bearing 313 which is made of a sintered 
metal has a strength larger than one made of a syn- 
55 thetic resin material and also has an appropriate friction 
coefficient 
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Claims 

1 . A motor-operated valve comprising: 

a rotor having a shaft formed with an external 
thread, 

a needle valve element having a needle valve 
head at one end portion thereof, an internal 
thread engaging with the external thread at 
another end portion, and a joining portion for 
joining the valve head to the internal thread, 
and 

a main valve body having a guide portion which 
stops rotation of the valve element but allows 
an axial movement of the valve element, 
wherein the shaft has an upper end rotatably 
supported by a supporting portion provided on 
a top wall of a valve housing, while a lower end 
of the shaft is rotatably supported by a bearing 
secured to the main valve body. 

2. A motor-operated valve comprising: 

a rotor having a shaft formed with an external 
thread, 

a needle valve element having a needle valve 
head at one end portion thereof, an internal 
thread engaging with the external thread at 
another end portion, and a joining portion for 
joining the valve head to the internal thread, 
and 

a main valve body having a guide portion which 
stops rotation of the valve element but allows 
an axial movement of the valve element, the 
main valve body having a valve seat, 
wherein the shaft has an upper end supported 
by a supporting portion provided on a top wall 
,of a valve housing, while a lower end of the 
shaft is rotatably supported by a bearing 
secured to the main valve body. 

3. The motor-operated valve set forth in claim 1 or 2 
wherein the internal thread is made of a synthetic 
resin material. 

4. The motor-operated valve set forth in claim 1 
wherein the joining portion comprises a pair of 
opposing rods, and the bearing has a guide for slid- 
ably guiding the rods, the guide stopping the rota- 
tion of the valve element. 

5. The motor-operated valve set forth in any one of 
claims 1 to 4 wherein the bearing has a rotation 
stopper projection engaging with the main valve 
body. 

6. The motor-operated valve set forth in any one of 
claims 1 to 5 wherein the bearing has a support 


recess receiving the lower end of the shaft to 
receive a thrust of the shaft. 

7. The motor-operated valve set forth in any one of 
5 claims 1 to 3 wherein the bearing has a bearing 

bush made of an elastic material, and the bush has 
a hole receiving the lower end of the shaft and also 
has a thrust receiving portion protruding from each 
surface of the bearing. 

10 

8. The motor-operated valve set forth in any one of 
claims 1 to 5 wherein the bearing is a flat plate 
made of a synthetic resin material and having a 
central hole receiving the lower end of the shaft. 

75 

9. The motor-operated valve set forth in any one of 
claims 1 to 8 wherein the bearing has a spring 
upwardly urging the lower end of the shaft. 

20 10. The motor-operated valve set forth in any one of 
claims 1 to 9 wherein the valve element has a 
recess formed on an outer peripheral surface 
thereof, and, in the recess, there is provided a slider 
made of a low friction material. 

25 

11. The motor-operated valve set forth in any one of 
claims 1 to 10 wherein the shaft has an end directly 
engaging with a recess formed on a top wall of a 
valve housing. 

30 

12. The motor-operated valve set forth in any one of 
claims 1 to 10 wherein the shaft has an end rotata- 
bly supported by a shaft supporting piece, and the 
shaft supporting piece has a projection engaging 

35 with a recess formed on a top wall of a valve hous- 
ing. 

13. The motor-operated valve set forth in any one of 
claims 1 to 12 wherein, between the shaft support- 

40 ing piece and a top surface of the rotor, there is pro- 
vided a compressed spring for urging downward 
the rotor. 

14. The motor-operated valve set forth in claim 13 
45 wherein, between the valve element and the valve 

main body, there is provided another compressed 
spring urging downward the valve element. 

15. The motor-operated valve set forth in claim 13 
so wherein, between the valve element and the valve 

main body, there is provided further another com- 
pressed spring urging upward the valve element. 

16. The motor-operated valve set forth in any one of 
55 claims 1 to 15 wherein the internal thread is pro- 
vided separately from the valve element to be inte- 
grated on the valve element afterward. 
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17. The motor-operated valve set forth in any one of 
claims 1 to 16 wherein the valve head is provided 
separately from the valve element to be integrated 
on the valve element afterward. 

5 

18. The motor-operated valve set forth in any one of 
claims 1 to 3 wherein the valve head has a disen- 
gagement preventing member at a top portion 
thereof and has a spring receiving portion at an 
intermediate portion thereof, the valve head being 10 
disposed at a lower end of the valve element, and, 
between the spring receiving portion and the lower 
end of the valve element, there is provided further 
another compressed spring. 

19. The motor-operated valve set forth in claim 18 
wherein the joining portion has an upper end shoul- 
der abutting against a flat face of the bearing when 
the needle valve is fully closed, so that the rotation 

of the rotor stops. 20 

20. The motor-operated valve set forth in any one of 
claims 1 to 3 wherein the internal thread is prepar- 
atorily formed as an insert from the same synthetic 
resin material as the valve element. 25 

21. The motor-operated valve set forth in any one of 
claims 1 to 3 wherein the bearing is made of a sin- 
tered metal. 

30 

22. The motor-operated valve set forth in any one of 
claims 1 to 3 wherein, between the bearing and the 
valve head, there is a plate piece having an elastic 
character for urging downward the valve element in 

an initialization state of the valve element. 35 
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